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Abstract
In almost all the evaluations of the neutron-induced ﬁssion cross section for nuclei involved in nuclear applications, a double-
humped ﬁssion barrier described by two independent inverted parabolas is considered. In addition, the continuum transition states
are described by a simple Fermi-gas type nuclear level density expression for which the formulation as well as the parametrization
remain highly uncertain. For these reasons, these approaches can be considered as having a rather poor predictive power and are not
recommended for applications requiring a proper description of ﬁssion for nuclei far from stability, such as nuclear astrophysics.
Hartree-Fock-Bolgolyubov (HFB) calculation are now available and can provide all the nuclear ingredients required to describe
the ﬁssion path from the equilibrium deformation up to the nuclear scission point. The aim of this contribution is to apply the basic
features of the optical model for ﬁssion, using the full microscopic information obtained from HFB models to calculate neutron-
induced ﬁssion cross sections on selected actinide nuclei. This approach includes not only the details of the energy surface along
the ﬁssion path, but also the estimate of the nuclear level density derived within the combinatorial approach on the basis of the same
HFB single-particle properties, in particular at the ﬁssion saddle points. The sensitivity of the calculated ﬁssion cross sections to
diﬀerent model approximations is illustrated and the predictive power of such a microscopic approach tested. It is also shown that
the various inputs can be tuned to reproduce at best experimental data in one unique coherent framework, so that in a close future
it should become possible to make, on the basis of such models, accurate ﬁssion cross-section calculations and the corresponding
estimates for nuclei, energy ranges or reaction channels for which no data exist.
Finally, the same model is applied to the calculation of the ﬁssion probabilities, including β-delayed ﬁssion, spontaneous ﬁssion
and neutron-induced ﬁssion, for all nuclei potentially produced by the r-process nucleosynthesis. Nucleosynthesis calculations
resulting from the decompression of neutron star matter are performed and the sensitivity of the abundance calculation with respect
to nuclear ﬁssion uncertainties (including ﬁssion probabilities and ﬁssion fragment distributions) is studied.
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1. Introduction
Since its discovery, ﬁssion has always been an active ﬁeld of research both regarding its purely theoretical chal-
lenge and its practical applications. Almost all existing evaluations of the neutron-induced ﬁssion cross sections rely
on the multiple-humped ﬁssion penetration model where barriers are described by inverted decoupled parabolas. Such
approaches consider all ingredients as free parameters in order to be able to achieve more or less accurate ﬁts to exper-
imental cross sections (Lope´z Jime´nez et al., 2005). Although such adjustments respond to the needs of some nuclear
applications, their predictive power remains poor due to the large number of free parameters; these methods can not
be used in applications requiring a purely theoretical description of ﬁssion for experimentally unknown nuclei, such as
nuclear astrophysics. For this reason, the prediction of ﬁssion cross section is far from being satisfactory nowadays.
Recent studies aim at providing sounder descriptions of some of the basic nuclear ingredients required to describe
ﬁssion cross sections. These concern in particular ﬁssion barriers (or more generally ﬁssion paths) and nuclear level
densities (NLD) at the ﬁssion saddle points. More precisely, such nuclear ingredients have been systematically deter-
mined within the Skyrme Hartree-Fock-Bogolyubov (HFB) model, as described in Sect. 2. In Sect. 3, the resulting
ﬁssion rates, in particular the neutron-induced cross section, but also the β-delayed and spontaneous decay rates, have
been estimated on the basis of the HFB inputs and compared with experimental data whenever available. Finally, in
Sect. 4, we apply the newly-determined ﬁssion rate to the rapid neutron-capture process (or r-process) nucleosynthesis
and show that ﬁssion may play a crucial role in recycling material and shaping the ﬁnal abundance distribution.
2. Microscopic ingredients for ﬁssion cross section calculation
2.1. Fission path
Detailed ﬁssion paths have been recently determined on the basis of the HFB model (Goriely et al., 2007) which
has proven its capacity to estimate the static ﬁssion barrier heights with a relatively high degree of accuracy. The HFB
model corresponds to a standard mean-ﬁeld calculation based on an eﬀective Skyrme interaction. Of particular interest
for ﬁssion application, the calculation includes all the quadrupole, octupole and hexadecapole degrees of freedom, as
well as a semi-microscopic quadrupole correlation energy based on the cranking model which turns out to be crucial
for a proper description of the nuclear surface at large deformations.
The barriers determined within the HFB-14 model (Goriely et al., 2007) reproduce the 52 primary barriers (i.e. the
highest barriers of prime interest in cross section calculations) of nuclei with 88 ≤ Z ≤ 96 with an rms deviation as
low as 0.67 MeV. A similar accuracy is obtained (0.65 MeV) for the secondary barriers. The HFB-14 barriers are
compared with the empirical ones (Capote et al., 2009) in Fig. 1 where diﬀerences up to 1 MeV on the highest barrier
can be observed. Such a large diﬀerence may obviously have a signiﬁcant impact on cross section calculation, but at
this stage, no theoretical models can claim to provide predictions of barrier heights with a global accuracy better than
0.5–1 MeV (in the best case). The HFB-14 model usually overestimates the height of the primary barrier, so that a
global decrease of the energy surface may be required (see Sect. 3). Note that the HFB-14 mass model is also known
to reproduce all experimental atomic masses with a high accuracy, namely with an rms deviation of 0.739 MeV with
respect to the 2353 known masses in the 2012 atomic mass evaluation (Audi et al., 2012).
In comparison with other available compilation of ﬁssion barriers, HFB-14 barriers are relatively high, as shown
in Fig. 2. Already for nuclei close to the stability, the HFB-14 are higher than those predicted by the FRLDM model
(Mo¨ller et al., 2009) which drops below 5 MeV for N > 155. For exotic neutron-rich nuclei, only 2 compilations
are publicly available, namely the Extended-Thomas-Fermi plus Strutinsky Integral (ETFSI) model (Mamdouh et al.,
2001) and the Thomas-Fermi plus FRDM model (hereafter MS99; Myers and Swiatecki, 1999). HFB-14 barriers
show a pronounced shell eﬀect around N = 184, though less than does the ETFSI barriers. In contrast, the MS99
barriers are by far the lowest with heights between 3 and 5 MeV for the most exotic nuclei. These diﬀerences can
have a drastic impact on nucleosynthesis prediction, as discussed in Sect. 4.
The ﬁssion path predicted by HFB-14 are illustrated in the left panel of Fig. 3 for the Cm isotopes close to the
valley of β stability. The ﬁssion path corresponds to the most gently climbing or steepest descending path found and
projected along one deformation parameter, namely the quadrupole deformation β2 (for more details, see Goriely et
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Fig. 1. Deviations between the empirical ﬁssion barriers (Capote et al., 2009) and those predicted by the HFB-14 model for the primary (left panel)
and secondary (right panel) barriers for nuclei with 88 ≤ Z ≤ 96.
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Fig. 2. Left: Comparison between the HFB-14 and FRLDM primary barriers (Mo¨ller et al., 2009) for even Z isotopic chains relatively close to
the valley of stability. Right: Same for the HFB-14, ETFSI (Mamdouh et al., 2001) and MS99 Thomas-Fermi plus FRDM model (Myers and
Swiatecki, 1999) barriers for Z = 92, 94 and 96 isotopes up to the neutron-drip line.
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Fig. 3. Fission path (i.e total energy with respect to the ground state energy EGS ) as a function of the quadrupole deformation parameter β2 for the
Cm isotopes lying close to the valley of β stability (left panel) or in the neutron-rich region (middle and right panels).
al., 2007). The ﬁssion path for these nuclei appears to be well represented by a traditional double-humped barrier, at
least locally close to the saddle point deformations. The situation can be quite diﬀerent as soon as we depart from
the valley of stability. As shown in the middle and right panels of Fig.3, the ﬁssion path for exotic neutron-rich
nuclei cannot, in general, be simply approximated by a double-humped barrier with parabolic shapes. To estimate
the transmission coeﬃcients with ﬁssion barriers deviating from the simple inverted parabolic picture, the full WKB
method needs to be applied (Goriely et al., 2009).
The ﬁssion paths have been estimated within the HFB model with BSk14 Skyrme force for all nuclei with 90 ≤
Z ≤ 110 lying between the valley of β-stability and the neutron drip lines, i.e about 2000 nuclei. All the ﬁssion paths
are available in a table and graphical format in the BRUSLIB nuclear library (Xu et al., 2013).
2.2. NLD at the saddle points
Such HFB calculations also provide all the necessary ingredients to estimate the NLD within the combinatorial
approach (Goriely et al., 2008a). On the basis of the single-particle scheme and pairing strength of the same HFB-14
model that was used to determine the HFB-14 mass table and the ﬁssion path, a very satisfactory prediction of NLD in
the ground state conﬁguration is obtained at the neutron binding energy for both the s- and p-wave data (Goriely et al.,
2008a). The very same model has been used to estimate coherently the spin- and parity-dependent NLD at the ﬁssion
barriers on the basis of the HFB-14 single-particle level scheme and pairing strength at the corresponding deformations
of both the inner and outer saddle points (more details can be found in Capote et al., 2009; Xu et al., 2013). It should
however be mentioned that if the NLD is rather well constrained by the HFB structure properties (though still aﬀected
by the complicated task to determine the saddle point deformation), the inclusion of the phonon excitations is still
subject to a rather large uncertainty. Due to the lack of observables, the same prescription is used for the saddle points
as for the ground state, i.e a total of 3 phonons have been coupled to the excitation conﬁgurations of maximum 4
particle-holes. Quadrupole, octupole and hexadecapole phonons are included, their energies being assumed identical
to those of the ground state. This prescription leads to a damping of the NLD vibrational enhancement factor at
a relatively low energy (typically 10 MeV). This damping prescription, especially on the ground-state NLD of the
target nucleus, can have a rather large impact on the ﬁrst-chance ﬁssion cross section at energies above typically
10 MeV (Goriely et al., 2008a). Finally, note that the second and third saddles as well as the second minimum are
 S. Goriely et al. /  Physics Procedia  47 ( 2013 )  115 – 124 119
1
10
100
1000
0.01 0.1 1 10
σ n
,f
  [
m
b]
E  [MeV]
236U(n,f)
1000
1500
2000
2500
3000
3500
4000
4500
5000
0.01 0.1 1 10
EXFOR
TALYS-micro
Bruyères
233U(n,f)
σ n
,f
  [
m
b]
0
500
1000
1500
2000
2500
0.01 0.1 1 10
E  [MeV]
237U(n,f)
10-2
10-1
100
101
102
103
0.001 0.01 0.1 1 10
E  [MeV]
238U(n,f)
1000
2000
3000
4000
5000
6000
7000
8000
0.001 0.01 0.1 1 10
235U(n,f)
+
10
100
1000
0.01 0.1 1 10
234U(n,f)
Fig. 4. Neutron-induced ﬁssion cross sections (solid line) obtained with renormalized HFB ﬁssion path and HFB plus combinatorial NLD. The
dotted line corresponds to the ﬁt of the Bruye`res-le-Chaˆtel group (Lope´z Jime´nez et al., 2005). Experimental data are taken from the EXFOR
library (EXFOR, 2012).
found to be left-right asymmetric within the HFB framework. For these reasons, the NLD are multiplied by a factor
2. In contrast, the inner barrier and ﬁrst isomer may or may not be triaxial, though in the HFB approach, it has been
estimated within the approximation of an axial symmetry. The NLD at the ﬁssion saddle points for all nuclei with
90 ≤ Z ≤ 110 from the valley of β-stability to the neutron drip line can be found in a table and graphical format in the
BRUSLIB library (Xu et al., 2013).
For many nuclear physics applications a renormalization procedure of the NLD on experimental data is required,
in particular for nuclear data evaluation or for an accurate estimate of reaction cross sections. Though the HFB plus
combinatorial NLD at the saddle and isomeric deformations are provided in a table format, it is possible to renormalize
them, as classically done for the ground-state NLD (see Goriely et al., 2008a). The expression
ρ(U, J, π)renorm = eα
√
(U−δ) × ρ(U − δ, J, π) , (1)
where the energy shift δ and the scaling factor α are free parameters, can be adjusted at each saddle or isomer
deformation to optimize the ﬁt to the ﬁssion cross section. These parameters can be expected to reach values similar
to those derived for the ground-state NLD (Goriely et al., 2008a), i.e typical limits of the order ±1 MeV for δ and
±0.5 MeV−1/2 for α. These values depict the remaining uncertainties in the NLD predictions on the basis of the mean
ﬁeld plus combinatorial approach.
3. Fission rates
The neutron-induced ﬁssion cross sections of actinides have been estimated on the basis of the TALYS code (Kon-
ing et al., 2005; Goriely et al., 2008b). Many of the TALYS default input parameters are taken from the RIPL
database (Capote et al., 2009) (e.g. nuclear masses, low energy discrete levels, gamma widths, resonance spacings).
The above-mentioned nuclear ingredients have been tested in cross section calculations, including a sensitivity study
on the various ingredients entering neutron-induced ﬁssion cross section (Goriely et al., 2009, 2011b). An uncertainty
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of the order of 1 MeV on the ﬁssion barrier height is known to have a signiﬁcant impact on ﬁssion cross section. How-
ever, for data evaluation purposes, it is possible to adjust the nuclear ingredients to reproduce at best the cross sections.
In particular, the inner and outer barrier heights can be scaled coherently, without modifying the ﬁssion path topology,
and the NLD at each saddle points renormalized in a way similar as done with the ground state NLD, as discussed
above. We compare in Fig. 4 the experimental neutron-induced ﬁssion cross sections for the diﬀerent U isotopes with
the calculation based on the renormalized microscopic input. It should be stressed that these calculations have been
performed in the 1 keV to 30 MeV range making a coherent use of one unique set of renormalization parameters inde-
pendently of the channel or target considered. The use of one unique set of input parameters to describe all channels
for all U isotopes also enhances the credibility of the physics behind such a calculation. In Fig. 4, the cross sections
are also compared with the optimal ﬁt obtained by the Bruye`res-le-Chaˆtel group (Lope´z Jime´nez et al., 2005). These
ﬁts correspond to some of the best ones that can be achieved nowadays on the basis of highly-parametrized phenome-
logical models. Note however, that the number of free parameters in such evaluations is about ﬁve times larger than
the number of renormalization parameters used in the microscopic approach (more details can be found in Goriely et
al., 2011b). Including additional parameters, such as discrete transition and class-II/III states, and further improving
the description of the transmission and absorption through the barrier, should lead to cross-section ﬁts that are of the
same level accuracy as the best phenomenological calculations available today. Microscopic models are, however, in
essence very diﬀerent than the phenomenological models traditionally used, so although similar ﬁts to known data
are achieved, non-negligible diﬀerences may be expected for nuclei, energy ranges, or reaction channels for which no
data exist.
Now turning to the prediction of ﬁssion cross section, if use is made of the default HFB ﬁssion paths and NLD,
cross section can be estimated within more or less of factor of 10 with respect to experimental data (Goriely et al.,
2009). The largest uncertainty obviously comes from the 0.5–1 MeV error bar on the barrier height and is inherent
to all the existing barrier height calculation. However, we show in Fig 5 that it is possible to improve signiﬁcantly
the cross section calculation by introducing for each reaction a renormalization of the HFB energy surface by a
deformation-independent parameter adjusted on experimental cross sections (Goriely et al., 2009). Some systematics
can be deduced from such a renormalization procedure. An optimized ﬁt within the 0.01 ≤ E ≤ 10 MeV energy range
is obtained with a constant renormalization factor amounting to 0.86, 0.89, 0.94 and 1.02 for even-even, even-odd,
odd-even and odd-odd nuclei, respectively. Based on such a systematics, it can be seen in Fig. 5 that the prediction of
experimental data becomes rather satisfactory, at least in astrophysical standards, and of the same overall quality as
the calculations performed with all the adjusted RIPL-2 recommendations (Goriely et al., 2009). The overall default
deviation by a factor of more than 10 is reduced to less than a factor of 3.
Based on such a global renormalization procedure, all the neutron-induced reaction rates of astrophysical interest
have been estimated for all nuclei with 90 ≤ Z ≤ 110 from the valley of β-stability to the neutron drip line and can be
found in a table and graphical format in the BRUSLIB library (Xu et al., 2013). Similarly, the photo ﬁssion, β-delayed
and spontaneous ﬁssion rates have been estimated on the basis of the same ﬁssion barrier penetration calculation as
predicted by the TALYS code. The β-decay strength function are taken from the Gross Theory (Tachibana et al., 1990)
based on the same HFB-14 Q-values. The main ﬁssion regions by one of these three processes are illustrated in Fig. 6.
4. Application to the r-process nucleosynthesis
The r-process of stellar nucleosynthesis is invoked to explain the production of the stable (and some long-lived
radioactive) neutron-rich nuclides that are heavier than iron and observed in stars of various metallicities, as well as
in the solar system (for a review, see Arnould et al., 2007). In recent years nuclear astrophysicists have developed
more and more sophisticated r-process models, trying to explain the solar system composition in a satisfactory way
by adding new astrophysical or nuclear physics ingredients. However, the site(s) of the r-process has (have) not
been identiﬁed yet and for this reason, the r-process nucleosynthesis remains one of the main puzzles of modern
astrophysics.
Progress in the modelling of type-II supernovae and γ-ray bursts has raised a lot of excitement about the so-
called neutrino-driven wind environment (Arnould et al., 2007). However, until now a successful r-process has not
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Fig. 5. Neutron-induced ﬁssion cross sections, for a sample of 8 actinides, obtained with the HFB ﬁssion path and HFB plus combinatorial NLD
when the ﬁssion paths are renormalized by one optimized parameter for each nucleus (solid line) or by the systematics given in the text (dotted
line). Experimental data are taken from the EXFOR library (EXFOR, 2012)
Fig. 6. Representation of dominant ﬁssion regions in the (N,Z) plane. Nuclei for which spontaneous ﬁssion is estimated to be faster than β-decays
are shown by full squares, those for which β-delayed ﬁssion is faster than β-decays by open squares, and those for which neutron-induced ﬁssion is
faster than radiative neutron capture at T = 109 K by diamonds.
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Fig. 7. Left: Final abundance distribution of the matter ejected from the 1.35–1.35 M neutron star merger as a function of the atomic mass. The
distribution is compared with the solar r-abundance distribution (dotted circles). Right: time evolution of the mass number 〈A〉 (black solid line) as
well as the total radioactive heating rate per unit mass Qtot (solid line) and its β-decay Qβ (dashed line) and ﬁssion Qf (dotted line) contributions
for a speciﬁc representative ejected mass element.
been obtained ab initio without tuning the relevant parameters (neutron excess, entropy, expansion timescale) in a
way that is not supported by the most sophisticated existing models. Early in the development of the theory of
nucleosynthesis, an alternative to the r-process in high-temperature supernova environments was proposed. It concerns
the decompression of cold neutronized matter. Recently, special attention has been paid to neutron star mergers
following the conﬁrmation by hydrodynamic simulations that a non-negligible amount of matter can be ejected and
the conﬁrmation that such material should be enriched in r-process nuclei (Goriely et al., 2011a, and references
therein). Decompressed neutron star matter has now been shown to be an extremely promising r-process source,
being potentially the dominant source of A ≥ 140 r-process nuclei in the Galaxy (Goriely et al., 2011a). In particular,
this scenario provides suitable conditions for a robust r-processing, the r-abundance distribution being predicted to be
very similar to the solar one, at least for A > 140 nuclei, as shown in Fig. 7.
In this speciﬁc scenario, ﬁssion play a fundamental role in recycling the matter. Due to the speciﬁc initial conditions
of high neutron densities (typically Nn 	 1033−35cm−3 at the drip density), the nuclear ﬂow during most of the neutron
irradiation will follow the neutron-drip line and produce in ms the heaviest drip-line nuclei. However, for drip-
line nuclei with Z ≥ 103, ﬁssion becomes eﬃcient (at least according to the HFB-14 predictions, as seen in Fig. 6)
prohibiting the formation of super-heavy nuclei. Fission recycling can take place two to three time before the neutrons
are exhausted, as illustrated in Fig. 7 (right panel) where the average atomic mass is seen to oscillate due to the ﬁssion
cycles. During this irradiation time, the matter is heated by the radioactive decay of β-unstable nuclei, but also by
the ﬁssion processes which provide up to about 50% of the total heating rate, as shown in Fig. 7 (right panel). After
several hundred ms, the density has dropped by a few orders of magnitude and the neutron density experiences a
dramatic fall-oﬀ when neutrons get exhausted by captures. During this second phase, the nuclear ﬂow around the
N = 126 region follows the isotonic chain. When the neutron density reaches some Nn = 1020 cm−3, the timescale
of neutron capture for the most abundant N = 126 nuclei becomes larger than a few seconds, and the nuclear ﬂow is
dominated by β-decays back to the stability line (as well as ﬁssion and α-decay for the heaviest species).
The ﬁnal composition of a representative mass element ejected during the neutron star merging is shown in Fig. 8
for diﬀerent ﬁssion models. The A = 195 abundance peak related to the N = 126 shell closure is produced in solar
distribution and found to be almost insensitive to all input parameters such as the initial abundances, the expansion
timescales, and the adopted nuclear models (including the ﬁssion model). In contrast, the peak around A = 140 origi-
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nates exclusively from the ﬁssion recycling, which takes place in the A 	 278 region at the time all neutrons have been
captured and the β-decays dominate the nuclear ﬂow. The A = 278 isobar corresponds to the predominant abundance
peak in the actinide region during the irradiation phase due to the turn-oﬀ point at the drip-line N = 184 shell clo-
sure. The β-decay nuclei along the A = 278 isobar may ﬁssion either symmetrically or asymmetrically depending on
the structure properties of the daughter nucleus and the adopted ﬁssion fragment distribution, as illustrated in Fig. 8.
For example, if we adopt the HFB-14 ﬁssion paths, during the freeze-out, ﬁssion takes place symmetrically around
Z 	 101 − 102 along the abundant A = 278 isobar, while the lower MS99 barriers (Myers and Swiatecki, 1999) lead
to ﬁssion already at the Z 	 95 − 97 isobar which are predicted to ﬁssion asymmetrically (see left panel of Fig. 8). In
both calculations, we adopt the ﬁssion fragment distribution given by the GEF code (Schmidt et al., 2010).
Similarly, diﬀerent models for the ﬁssion fragment distribution also lead to signiﬁcantly diﬀerent abundance dis-
tributions, as seen in Fig 8 (right panel), although in this case the same ﬁssioning nuclei are responsible for the ﬁssion
recycling, in this case as predicted by the HFB-14 model. While both the GEF and KT (Kodoma and Takahashi,
1975) analytical approximations give a relatively narrow symmetric distribution, the IAEA (IAEA, 2000) recom-
mended distributions lead to the production of r-nuclei in a wide A-range. Note that the all these prescriptions are
based on empirical relations that have been adjusted on available experimental data and show the deviations that can
be obtained when applied to exotic nuclei.
Obviously, signiﬁcant uncertainties still aﬀect the prediction of ﬁssion probabilities and fragment distributions, so
that the exact strength and location of the A 	 140 ﬁssion peak (as well as the possible A = 165 bump observed in the
solar distribution) remain rather uncertain.
5. Conclusions
A consistent and complete modelling of the ﬁssion cross section remains an elusive challenge in nuclear physics.
The prediction of ﬁssion cross section is far from being satisfactory nowadays. Almost all existing theoretical anal-
yses of the neutron-induced ﬁssion cross sections rely nowadays on the multiple-humped ﬁssion model without any
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physical constrain neither on the barriers’ height and width, nor on the saddle point NLD. Although such adjustments
respond to the high-accuracy needs of some nuclear applications, their predictive power remains poor due to the large
number of free parameters and often non-physical approximations considered.
Recent studies aimed at providing a sounder description of some of the basic nuclear ingredients required to de-
scribe ﬁssion cross sections. Nowadays mean-ﬁeld models can provide nuclear ingredients in ﬁssion calculations that
can be used in model calculations and data evaluation with a degree of accuracy comparable with the best phenomeno-
logical models. In a close future, it should therefore be possible to make, on the basis of such models, accurate ﬁssion
cross-section calculations and the corresponding estimates for nuclei, energy ranges or reaction channels for which
no data exist.
Fission plays a major role to explain the ﬁnal r-abundance distribution, most particularly those resulting from
the matter ejected from neutron star merging systems. First, ﬁssion is responsible for recycling material during the
neutron irradiation. In this respect, the formation of super-heavy nuclei is possible only if the ﬁssion barriers along
the neutron drip-line are high enough. Second, ﬁssion shapes the ﬁnal r-abundance distribution during the neutron
freeze-out when nuclei decay back to the stability line. During this last phase, both β-delayed and spontaneous ﬁssion
play the dominate role. Both deﬁne the ﬁssioning region along the dominant decay chain which has been identiﬁed
as being in the A 	 278 region. The distribution of ﬁssion products also plays a crucial role deﬁning if ﬁssion
takes place symmetrically or asymmetrically, leading to the corresponding imprint in the r-abundance distribution.
Uncertainties aﬀecting the prediction of ﬁssion probabilities and fragment distributions clearly impact on the exact
strength and location of the A 	 140 r-abundance peak (as well as the possible A = 165 bump observed in the solar
distribution). Further work for a more accurate and reliable description of ﬁssion observables within microscopic
models is fundamental for our understanding of the r-process nucleosynthesis.
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